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SKEW CORRECTION CIRCUIT 

BACKGROUND 

The invention generally relates to a skew correction circuit. 

Computer devices typically use buses to communicate with each other. In this 
manner, the bus typically include data lines that propagate data signals for purposes of 
communicating data between the devices. For purposes of synchronizing the capture of the 
data by the receiving device, or receiver, the transmitting device, or transmitter, may furnish 
a strobe signal (to a strobe line of the bus) that accompanies the data signals in a technique 
called source synchronous signaling. 

In this manner, in source synchronous signaling, the strobe signal and data signals are 
synchronized together at the transmitter, the source of the transmitted signals. The strobe 
signal includes edges to which the receiver responds to latch the data signals at the 
appropriate times. Because the strobe signal propagates approximately along the same signal 
path as the data signals, the strobe signal experiences approximately the same delay as the 
data signals. However, the signal paths are not identical, and thus, a delay, or skew, may 
exist at the receiver between each data signal and the strobe signal. Therefore, typically the 
receiver includes circuitry, such as fixed delay lines, to adjust the timing of the strobe and/or 
data signals to accommodate any relative delay, or skew, between the strobe signal and the 
data signals. 

There are two approaches that are commonly used to implement source synchronous 
signaling: quadrature strobing and coincident strobing. Quadrature strobing centers each 
data eye, or cell, of a data signal 10 (see Fig. 1) with edges of a data strobe signal 12 (see 
Fig. 2). For example, a particular data cell 14 of the data signal 10 may be aligned with a 
particular edge 15 of the data strobe signal 12 at time T,. With quadrature strobing, the 
misalignment of the strobe signal with the data signal is a function of the skew that is 
introduced by the transmitter, the interconnect bus lines and the receiver. Therefore, this 
skew may cause the edges of the data strobe signal to fall well outside of the center of the 
data eyes of the data signal. 
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With coincident strobing, the transmitter aligns the edges of the data signal and a 
strobe signal so that the signals are driven simultaneously onto the bus. For example, a 
particular edge 17 (see Fig. 3) of a data strobe signal 16 may be used to cause the receiver to 
capture a bit of data that is indicated by an eye 1 8 of the data signal 10. Due to the 
5 coincident strobing, at the transmitter, the eye 18 begins appearing on the bus at the same 
time (time T 2 ) at which the edge 17 appears. The receiver typically delays the data strobe 
signal 16 via a fixed delay line to center the edge 17 in the eye 18. 

Because a different skew may exist between each data signal and the strobe signal, 
the above-described techniques may not eliminate all of the skews between the data signals 
10 and the strobe signal. Furthermore, the skew may not be fixed, but rather, the skew may vary 

over time due to temperature and/or voltage variations. 
O Thus, there is a continuing need for an arrangement that addresses one or more of the 



In one embodiment of the invention, a method includes using a data bit signal and a 
first strobe signal to generate a pulse train signal. A duty cycle of the pulse train signal 
indicates a degree of skew between the data bit signal and the strobe signal. A timing 
relationship is regulated between the data bit and the second strobe signal based on the 



problems that are stated above. 
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degree of skew that is indicated by the duty cycle. 

Advantages and other features of the invention will become apparent from the 
following description, drawing and claims. 



BRIEF DESCRIPTION OF THE DRAWING 
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Fig. 1 depicts a portion of a data bit signal. 

Figs. 2 and 3 depict strobe signals for different source synchronous strobing 



techniques of the prior art. 

Fig. 4 is a schematic diagram of a skew correction circuit according to an 



embodiment of the invention. 
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Fig. 5 is a schematic diagram of a quadrature detector of the skew correction circuit 
of Fig. 4 according to an embodiment of the invention. 
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Fig. 6 is a waveform illustrating a strobe signal according to an embodiment of the 
invention. 

Fig. 7 is a waveform illustrating a data bit signal according to an embodiment of the 
invention. 

Figs. 8, 9, 10, 1 1 and 12 are signals of the quadrature detector according to an 
embodiment of the invention. 

Fig. 13 is a schematic diagram of a system that uses multiple skew correction circuits 
according to an embodiment of the invention. 

Fig. 14 is a schematic diagram of a data receiver according to an embodiment of the 
invention. 

DETAILED DESCRIPTION 
Referring to Fig. 4, an embodiment 20 of a skew correction circuit in accordance with 
the invention measures the amount of delay, or skew, between a data strobe signal and a data 
signal and delays the strobe signal by approximately the measured amount of skew to 
minimize the skew between these signals. Due to this arrangement, the skew correction 
circuit 20 may continually adjust the timing relationship between the data signals and the 
strobe signal to compensate for skew variation over time that may be attributed to voltage 
and/or temperature variations. In some embodiments, the skew correction circuit 20 delays 
the data strobe signal to maintain a quadrature strobing relationship between the data and 
data strobe signals. 

More particularly, in some embodiments, the skew correction circuit 20 receives a 
data signal (called DATA (see also Fig. 7)) and a data strobe signal (called STROBE (see 
also Fig. 6)) from lines of a bus. Ideally, the DATA and STROBE signals are aligned in 
quadrature so that the edges of the STROBE signal are centered in the corresponding data 
eyes of the DATA signal. However, a delay, or skew 29 (see Fig. 7), may exist between the 
DATA and STROBE signals, a skew that may cause incorrect data to be captured from the 
bus. To compensate for this condition, in some embodiments, the skew correction circuit 20 
includes logic to combine the data and data strobe signals to produce at least one pulse train 
signal. As further described below, this pulse train signal has a duty cycle that indicates the 
degree, or amount, of the skew 29. In this manner, the circuit 20 delays the STROBE signal 



based on the indication of degree of skew from the duty cycle to produce a delayed data 
strobe signal (called D_STROBE), a substantial duplicate of the STROBE signal but shifted 
in time to remove the skew 29. 

To accomplish the skew compensation, in some embodiments, the skew correction 
5 circuit 20 includes a quadrature detector 22 (see Fig. 4) that measures the degree, or amount, 
to which the STROBE signal is not centered with respect to the DATA signal (i.e., the 
detector 22 measures the skew 29) and provides an error signal (called ERROR (see Fig. 12)) 
that indicates this measurement and thus, indicates the amount of calibration that is needed. 
In some embodiments, the ERROR signal is an analog signal that an analog-to-digital 
10 converter (ADC) 26 (of the skew correction circuit 20) converts into a digital signal. The 

skew correction circuit 20 may include an error register 28 that stores an indication called a 
p calibration value, of the digital signal. The calibration value, in turn, is used to directly 
H t program the delay by which a programmable delay chain 30 delays the STROBE signal to 
-J produce the DSTROBE signal. Therefore, the degree to which the STROBE signal is not 
if centered with respect to the DATA signal establishes the delay that is introduced by the 
^ delay chain 30. 

A.* .J 

s Referring to Fig. 5, in some embodiments, the quadrature detector 22 includes logic 

U 

!fy to combine the DATA and STROBE signals to produce two pulse train signals, each of 

■ j? which has a duty cycle that indicates the degree of skew. In this manner, the quadrature 

y 

20 detector may include an XNOR gate 56 that receives the DATA and STROBE signals at 

different input terminals and produces a signal (called XNOR (see Fig. 9)) whose duty cycle 
is indicative of the amount of the skew 29. The quadrature detector 22 may also include an 
XOR gate 58 that receives the DATA and STROBE signals at different input terminals and 
produces a signal (called XOR (see Fig. 8)) whose duty cycle is indicative of the degree of 

25 the skew 29. In general, the duty cycles of the XOR and XNOR signal vary inversely with 
respect to each other in response to the changes in the skew 29, as described below. The 
XNOR and XOR signals are received by two low pass filters (LPFs) 60 and 62, respectively, 
that produce signal that indicate the duty cycles of the received signals. In this manner, the 
LPF 60 produces a signal (called XNOR_LPF (see Fig. 10)) that indicates the duty cycle of 

30 the XNOR signal, and the LPF 62 produces a signal (called XOR_LPF (see Fig. 1 1)) that 
indicates the duty cycle of the XOR signal. A differential amplifier 64 (of the skew 
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correction circuit 20) compares the XOR_LPF and XNOR_LPF signals to produce the 
ERROR signal. 

The operation of the quadrature detector 30 is dependent on the transitions of the 
logical state of the DATA signal and the state of the STROBE signal. In particular, there are 
four possible combinations of transitions that affect the quadrature detector 30: 

1 . A logical one to a logical zero transition of the DATA signal when the 
STROBE signal has a logical one state, as depicted near time T, in Figs. 6-12; 

2. A logical zero to a logical one transition of the DATA signal when the 
STROBE signal has a logical one state, as depicted near time T 2 in Figs. 6-12; 

3. A logical one to a logical zero transition of the DATA signal when the 
STROBE signal has a logical zero state, as depicted near time T 3 in Figs. 6-12; and 

4. A logical zero to a logical one transition of the DATA signal when the 
STROBE signal has a logical one state, as depicted near time T 4 in Figs. 6-12; 

For transition numbers one and two, the duty cycle of the XOR signal and the level of 
the XOR_LPF signal decreases with an increase in the skew 29, and the duty cycle of the 
XNOR signal and the level of the XNOR_LPF signal increases with an increase in the skew 
29. This relationship causes the ERROR signal to indicate a positive value that is 
proportional to the degree of skew, as depicted in Fig. 12. 

For transition numbers three and four, the duty cycle of the XOR signal and the level 
of the XOR_LPF signal increases with an increase in the skew 29, and the duty cycle of the 
XNOR signal and the level of the XNORJLPF signal decreases with an increase in the skew 
29. This relationship causes the ERROR signal to indicate a negative value that is 
proportional to the degree of skew, as depicted in Fig. 12. 

Therefore, using these relationships, in some embodiments, a calibration data pattern 
may be used to produce a net error offset (as indicated by the ERROR signal) whenever there 
is a nonzero quadrature error. In some embodiments, the calibration data pattern is chosen to 
implement either transitions one and two or transitions three and four, without mixing these 
groupings. 

The LPFs 56 and 58 (see Fig. 5) of the quadrature detector 20 filter out frequency 
components (of the XOR and XNOR signals) that are a function of the data rate and the edge 
rate to produce the XORJLPF and XNOR_LPF signals that are nearly DC. Any non-DC 



components of the XORJLPF and XNOR_LPF signals are attributable to the variance of the 
skew with voltage and temperature. Typically, the component of the skew that varies in such 
a manner that this variation has a maximum bandwidth of 10Hz or less. Besides producing 
newly DC signals, the LPFs 56 and 58 also provide bandlimiting for purposes of preventing 
the ADC 26 from receiving a signal that has a frequency greater than one half of the 
sampling frequency of the sample-and-hold circuit 24. As an example, the ADC 26 may be a 
delta-sigma ADC. Other ADCs may be used in other embodiments. 

The calibration value is stored in the error register 28 each time the quadrature error 
is updated, and the rate at which the error register 28 is updated is a function of how rapidly 
the skew can change. If the skew exhibits little change over time then it may be sufficient to 
update the error register 28 only at power-up. Otherwise the error register 28 may be 
updated at a rate slightly faster than the skew can change. In some embodiments, a control 
unit 25 controls when updates to the error register 28 are made. 

In some embodiments, the delay chain 30 may include inverters that are coupled 
together via multiplexers to form the desired delay. The delay chain 30 is designed for the 
appropriate dynamic range and resolution. In this manner, because in some embodiments, 
coincident strobing may be used at the source, the dynamic range accommodates the delay of 
one half of the bit time plus maximum amount of skew that needs to be corrected. The 
resolution specifies how fine a correction can be made. Typically the resolution should be 
on the order of the setup, or hold, time for the receive buffer. For example, for current 
silicon processes this is about 50 picoseconds (pS). However, this value may be reduced or 
increased according to the particular process. 

As an example, a 500 megabits per second (Mb/s) system may have up to +/-500 pS 
of skew. The bit time for this system is 2.0 nanoseconds (nS), so that one half of a bit time 
would be 1 .0 nS. For this example, the delay chain 30 may be designed to delay a nominal 
1.0 nS (to center the strobe if there were no other skew) plus an additional delay of 500pS (to 
account for worst case skew). The normal operating range of the delay would then be 500 pS 
- 1.5 nS. 

Referring to Fig. 13, in some embodiments, a skew correction circuit 20 may be 
associated with each data line 23 of the bus. In this manner, this arrangement accommodates 
different skews between each different data signal and the data strobe signal. Each skew 



correction circuit 20 is coupled between a different one of the data lines 23 and the 
associated data output line 27. 

Other arrangements are within the scope of the following claims. For example, Fig. 
14 depicts a receiver 100 that includes multiplexing features to minimize the number of skew 
correction circuits. In this manner, the skew correction circuit 100 provides multiple strobe 
signals (called STB 0 , . . . STBj), each of which is associated with one of the data lines 23 and 
may be used to compensate a different skew. In this manner, the skew correction circuit 
includes a quadrature detector 1 10 and an ADC 1 12 that function similar the quadrature 
detector 22 and the ADC 26 of the skew correction circuit 20. The output terminals of the 
ADC 1 12 are coupled to error registers 1 14. Each error register 1 14, in turn, is associated 
with a different data line 23 and stores an indication of the delay to be used with the strobe 
signal that is associated with the data line 23. In this manner, the output terminals of each 
error register 1 14 are coupled to the select terminals of a different multiplexer 118, and the 
input terminals of each multiplexer 1 18 are coupled to taps of a delay chain 1 16 that receives 
a buffered strobe signal. The output terminal of each multiplexer 1 18 is coupled to the clock 
input of a different data bit receive buffer that may be formed from a D-type flip-flop, for 
example. Due to this arrangement, the indication that is stored in a particular error register 
1 14 causes the associated multiplexer 1 18 to select the appropriate tap of the delay chain 1 16 
and thus, select the appropriate strobe delay. Thus, the skew correction circuit 1 10 is capable 
of correcting the skew that is associated with each data line 23. 

For purposes of storing the appropriate indications of the error registers 114, the skew 
correction circuit includes a multiplexer 124 that has input terminals that are coupled to the 
output terminals of the multiplexers 118, and the output terminal of the multiplexer 124 is 
coupled to an input terminal of the quadrature detector 1 10. The other input terminal of the 
quadrature multiplexer 1 10 is coupled to the output terminal of a multiplexer 102. The input 
terminals of the multiplexer 1 10, in turn, are coupled to the data lines 23. A controller 120 of 
the skew correction circuit 100 is coupled to the selection terminals of the multiplexers 102 
and 118 and to the error registers 1 14 so that the controller 120 may selectively measure the 
skews that are associated with each of the data lines 23 and cause an indication of the 
measured skew to be stored in the appropriate error register 114. 

Among the other features of the skew correction circuit 100, the circuit 100 may 



include matched delay elements 102, each of which is coupled between a different one of the 
data lines 23 and the input terminal of a different one of the D-type flip-flops 106. The skew 
correction circuit 100 may also include matched delay elements 122, each of which is 
coupled between the clock input terminal of a different D-type flip-flop 106 and a different 
one of the output terminals of the multiplexer 118. 

While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations therefrom. It is intended that the appended claims 
cover all such modifications and variations as fall within the true spirit and scope of the 
invention. 



8 



